The surgical management of adult moyamoya disease was evaluated retrospectively.
Introduction
Moyamoya disease is characterized by progressive stenosis or occlusion of the internal carotid arteries at the terminal portion with developing abnormal net works at the basal ganglia. The pathogenesis of this disease, which manifests as ischemic and/or hemor rhagic episodes during its clinical course, remains unknown. Reconstructive surgery for child moya moya disease, direct [superficial temporal artery middle cerebral artery (STA- MCA) anastomosis]" or indirect [encephalo-duro-arterio-synangiosis (EDAS),9) encephalo-myo-synangiosis (EMS),') or modified procedures2)] extracranial-intracranial (EC/IC) bypass is widely accepted as effective be cause it develops postoperative neovascularization via the external carotid artery (ECA) system and improves symptoms of transient ischemic attacks (TIAs).1,4'5'7 '8,13,14) Here, we report our retrospective study of the management of adult moyamoya disease. Thirty-eight patients treated conservatively (conser vative group, mean age 39.9 yrs) included 26 patients with hemorrhagic stroke, nine with TIAs, and three with cerebral infarct. Nine patients demonstrated unilateral moyamoya disease (probable moyamoya disease using the diagnostic criteria of the Japanese Ministry of Health and Welfare) on angiography. Twenty-one patients were treated surgically (surgical group, mean age 36.3 yrs) including 10 patients with hemorrhagic stroke, eight with TIAs, and three with cerebral infarct. Six patients had unilateral moya moya disease. The preoperative angiographic stage of moyamoya disease was classified according to Suzuki and Takaku.15> Various reconstructive sur gical procedures for adult moyamoya disease were performed on a total of 25 sites in the 21 patients ( Table 2) . The clinical condition of the patients was evaluated at the chronic stage 3 months after ictus using a scale of five clinical grades: I, complete recovery without neurological deficits; II, recovery with mild neurological deficits; III, return to home without support; IV, return to home with support; and V, died. We selected patients in grade I or II as candidates for reconstructive surgery (Table 3) . We evaluated the operative outcome as an EC/IC bypass, whether the reconstructive surgery was in direct or direct, and compared these surgical patients with the conservative patients in clinical grade I or II. Postoperative angiograms from selected six-vessel angiography including the ECA were classified into three types to evaluate the degrees of neovasculariza tion via the ECA: expanding, opacification of more than three branches at the M3-M4 territory of the MCA via the ECA; local, opacification of less than two branches at the M3-M4 territory of the MCA via the ECA; and non-filling, no neovascularization via the ECA. The postoperative follow-up ranged from 12 to 118 months (average 57 mos), and the mean period from surgical treatment to postoperative angiography was 17 months. Table 5 shows the postoperative outcome for the surgical group. Eight of 10 patients with hemor rhagic stroke had no bleeding episodes, but two pa tients suffered cerebral hemorrhages in the non operative side. One patient (Case 16) died due to hemorrhage at the brainstem 5 years after recon structive surgery, and the other (Case 6) had hemi paresis following contralateral cerebral hemorrhage 7 years after reconstructive surgery. Eight of 11 pa tients with ischemic stroke (TIAs in 8 and cerebral infarct in 3) were asymptomatic postoperatively. Two (Cases 14 and 20) deteriorated due to peri operative contralateral ischemic attacks, and the other (Case 11) suffered right-hand choreo-athetotic movement following perioperative stenosis of the ECA at the peripheral portion. Table 6 demonstrates the long-term follow-up out come of the conservative and surgical patients in clinical grades I and II. During follow-up, hemor rhagic or ischemic episodes occurred with a greater frequency in the conservative than the surgical pa tients. chorioallantoic membrane method. Neovasculariza tion development was in the order: scalp artery > omentum > galea >> temporal muscle > dura. Di rect STA-MCA anastomosis may supply sufficient blood flow to the ischemic lesion, but indirect re constructive surgery is only slightly invasive and causes few perioperative complications. Nakagawa et a!.12) reported that neovascularization resulting from indirect reconstructive surgery was well devel oped compared to that from STA-MCA anastomo sis in child and adult moyamoya disease patients. Reconstructive surgery using the omentum has also been carried out to supply blood to frontal ische mic lesions in child moyamoya disease patients with mental retardation.') More patients are treated surgically to reduce hemodynamic stress in moyamoya vessels at the basal ganglia. However, the management of patients with hemorrhagic stroke and adult moyamoya disease patients, particularly surgical indication or selection of operative procedures, has been little dis cussed. lo,' 1> The 1982 annual report of the cooperative study on occlusion of the circle of Willis in Japan showed rebleeding episodes occurred in 57 (33%) of 175 patients with hemorrhagic stroke, while 56 (34%) of 163 adult moyamoya disease patients with hemorrhagic stroke had rebleeding episodes.
We recently selected synangio-duralplastyl') ( Fig.  2) , which combines EDAS and modified EMS spar ing the STA, from the various reconstructive surgeries developed for adult moyamoya disease pa tients during the last 15 years. This method has the advantages of neovascularization via the STA and the middle meningeal artery, being only slightly in vasive, and few perioperative complications. Our surgical group demonstrated no significant relation ships between preoperative and postoperative angiographic classifications, type of initial symptom, and operative procedures.
The clinical outcomes in our conservative patients (clinical grade I-II) included six of 13 patients with hemorrhagic stroke showing rebleeding, and three with following ischemic episodes. Five of nine pa tients with TIAs developed cerebral infarction, and two had recurrent ischemic episodes. In contrast, the surgical group included eight of 10 patients with hemorrhagic stroke with no bleeding episodes, and eight of 11 patients with ischemic stroke (TIAs in 8 and cerebral infarct in 3) asymptomatic post operatively.
Angiographic evaluation of the 25 operative sites in the surgical group demonstrated neovascularization via the ECA in 22 sites (88%) and decreased basal moyamoya vessels in 11 (44%) postoperatively (Fig. 3) . The clinical outcomes for the conservative and surgical groups are biased, so we evaluated moyamoya disease patients in clinical grades I and II over long-term follow-up periods. The results showed that recurrences of hemorrhag ic or ischemic episodes in the surgical group were much less common than in the conservative group. 
